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The dominant low molecular  weight t h i o l  i n  most euca ryo te s  i s  g l u t a t h i o n e  Lr;? 
b u t  o t h e r  t h i o l s ,  i nc lud ing  ones  wi th  unknown i d e n t i t y ,  occur  i n  some euca ryo te s  

I and many p roca ryo te s  . 
rc) s a r y  t o  o b t a i n  a pure  sample. Tn t h i s  chap te r  we d e s c r i b e  a two s t e p  p u r i f i c a -  w 
-4 0 
0 VI- 

af- 
4 9  
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I n  order t o  i d e n t i f y  novel  t h i o l s  it i s  u s u a l l y  neces- 

c a l  e x t r a c t  t o  be i s o l a t e d  a s  t h e  monobromobimane d e r i v a t i v e  (see t h i s  volume 

[XX] and [XXI) i n  h i g h l y  p u r i f i e d  form. The t h i o l s  p r e s e n t  i n  a dep ro te in i zed  cr) 
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e x t r a c t  were f i r s t  i s o l a t e d  on a t h i o l a g a r o s e  g e l  v i a  a t h i o l - d i s u l f i d e  exchange 

r e a c t i o n .  The t h i o l s  were t h e n  e l u t e d  wi th  d i t h i o t h r e i t o l  (DTT) and d e r i v a t i z e d  c-. 
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method is i l l u s t r a t e d  f o r  i s o l a t i o n  of a major t h i o l  component found i n  Halobac- 23 

wi th  monobromobimane (mBBr) .  The d e r i v a t i v e  was p u r i f i e d  t o  homogeneity by v) .4 
qca 

p r e p a r a t i v e  high-performance l i q u i d  chromatography (YPLC).  A procedure f o r  m e  

e l e c t r o l y t i c  r e d u c t i o n  o f  t h e  bimane d e r i v a t i v e  was developed which a l lows  

r e g e n e r a t i o n  o f  t h e  t h i o l  form o f  t h e  p u r i f i e d  product .  Appl ica t ion  o f  t h e  

il 
2 4  t e r i u m  halobium whose s t r u c t u r e  was shown t o  correspond t o  Y-glutamylcysteine . WV, 
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Reagents and s o u r c e s  were: g l a c i a l  a c e t i c  a c i d ,  p y r i d i n e ,  mercury,  and 
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ammonium hydroxide - Mal l inc rod t ;  diethylenetriaminepentaacetic a c i d  (DTPA),  
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5,5’-dithiobis-(2-nitrobenzoic a c i d )  (DTNB) ,  Tr izna  base  (Tr i s ) ,  and 2,2’-  q Q  

2 8  
d i t h i o d i p y r i d i n e  - Sigma; h igh  p u r i t y  d i t h i o t h r e i t o l  (DTT) and monobromobimane 

(mBBr)  - Calbiochem-Behring; a c e t o n i t r i l e  and methanol - Burdick and Jackson;  

e t h y l  a c e t a t e  - Pierce; P u r i s s  g r a d e  me thanesu l fon ic . ac id  - Fluka.  The 2- 

t h i o p y r i d y l  mixed  d i s u l f i d e  o f  thiopropyl-Sepharose 6B was obta ined  from Sigma 

o r  prepared  from Sepharose 5 B  by t h e  method of  Axin, Drev in  and Car l sson  . 3 
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P u r i f i c a t i o n  

Halobacterium halobium R-1 c e l l s  (0.6 g wet weight)  were d i s p e r s e d  wi th  a 

Tekmar homogenizer i n t o  5 m l  o f  50% aqueous a c e t o n i t r i l e  c o n t a i n i n g  5 mM DTPA 

and 25 mM me thanesu l fon ic  a c i d  w h i l e  h e a t i n g  a t  60°C f o r  10 min. After c o o l i n g  

on ice t h e  sample was c e n t r i f u g e d  10  min a t  14,000 x g i n  a So rva l  RC-5 c e n t r i -  

fuge.  The c lear  s u p e r n a t a n t  con ta ined  0.9 gmoles of t h i o l  by DTNB t i t r a t i o n  

and 0.77 pmoles of 

4 

an u n i d e n t i f i e d  t h i o l  ( l a t e r  shown t o  b e  Y-glutamylcysteine) by d e r i v a t i z a t i o n  

w i t h  mBBr and HPLC a n a l y s i s  (peak e l u t i n g  a t  10 min, Fig.  14 ) .  The s u p e r n a t a n t  

was d i l u t e d  two-fold i n t o  200 mM T r i s ,  pH 8.0, c o n t a i n i n g  5 mM DTPA and 1.0 mM 

DTT (added t o  reduce d i s u l f i d e s  and p r o t e c t  t h i o l s  toward o x i d a t i o n ) .  

A 20 x 6 mm column was packed w i t h  0.75 m l  o f  2 - th iopyr idy l  a c t i v a t e d  

thiopropyl-Sepharose 6B ( 2 5  gmoles d i s u l f i d e )  and e q u i l i b r a t e d  w i t h  25% a c e t o n i -  

t r i l e  i n  water c o n t a i n i n g  100 mM Tris, pH 8.0, and 5 mM DTPA. The t h i o l  con- 

t a i n i n g  s u p e r n a t a n t  was a p p l i e d  t o  t h e  column a t  a f low r a t e  o f  0.5 m l  per  min 

af ter  which t h e  column was washed w i t h  25 volumes o f  t h e  e q u i l i b r a t i o n  b u f f e r .  

Binding of t h i o l  t o  t h e  column was monitored based upon t h e  absorbance of 2- 

mercap topyr id ine  (4 

t h e  a p p l i e d  t h i o l  had r e a c t e d  w i t h  t h e  g e l .  

25 column volumes of  50 mM T r i s ,  pH 8.0, c o n t a i n i n g  1 m71 DTPA and t h e n  e l u t e d  

w i t h  3mM DTT i n  t h e  same b u f f e r .  The t h i o l  c o n t e n t  o f  t h e  e l u a t e  was determined 

by t i t r a t i o n  w i t h  DTNB and 1.5 e q u i v a l e n t s  o f  mBBr added as a 200 mM s o l u t i o n  i n  

a c e t o n i t r i l e .  Reaction was allowed t o  proceed 1 0  min i n  t h e  d a r k  and was 

s topped by a d d i t i o n  of ace t ic  a c i d  t o  1%. Excess mBBr and t h e  mBBr d e r i v a t i v e s  

of 2 - th iopyr id ine  and DTT were removed by e x t r a c t i n g  s i x  times w i t h  an e q u a l  

volume of e t h y l  a c e t a t e .  

5 5 7000) i n  t h e  e f f l u e n t  which i n d i c a t e d  t h a t  -100% of 343 
The column was f u r t h e r  washed w i t h  

The r e c o v e r y  o f  t h e  unknown d e r i v a t i v e  a s  determined 
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by HPLC a n a l y s i s  u s ing  method 1 (see [ X X I  t h i s  volume) was 96% a t  t h i s  s t a g e .  

The p roduc t  was p r o t e c t e d  from l i g h t  and lyophi lyzed .  

P r e p a r a t i v e  HPLC p u r i f i c a t i o n  was accomplished with an A l t e x  Ul t r a sphe re  

ODS 5 JJ 10 x 250 mm column opera ted  a t  room tempera ture  and a f low r a t e  o f  3 m l  

per  min. Buffer  components, s e l e c t e d  f o r  t h e i r  v o l a t i l i t y ,  were: b u f f e r  A - 
0.25% aqueous a c e t i c  a c i d  t i t r a t e d  t o  pH 3.5 wi th  t r i p l y  d i s t i l l e d  p y r i d i n e ;  

b u f f e r  B - methanol.  The e l u t i o n  program wi th  l i n e a r  g r a d i e n t s  was: 0 min, 10% 

B; 20 min, 25% B; 25 m i n ,  100% B; 27 min 100% B; 28 min, 10% B; 40 m i n ,  r e i n j e c -  

t i o n .  The d e r i v a t i z e d  and lyophi lyzed thiopropyl-Sepharose e l u a t e  (see above) 

was t a k e n  up i n  0.5% aqueous a c e t i c  a c i d ,  100-200 J.IL a l i q u o t s  were i n j e c t e d  on 

t h e  p r e p a r a t i v e  column, and t h e  peak e l u t i n g  a t  20 min was manual ly  c o l l e c t e d ,  

pooled ,  and lyoph i lyzed .  HPLC a n a l y s i s  o f  t h e  p u r i f i e d  product  ( F i g .  1B) showed 

t h a t  it was h i g h l y  p u r i f i e d  r e l a t i v e  t o  t h e  c rude  m a t e r i a l  and was obta ined  i n  

an o v e r a l l  y i e l d  o f  >go%. 

E l e c t r o l y t i c  Reduction 

A mercury pool  e l e c t r o l y t i c  r educ t ion  c e l l  s i m i l a r  t o  t h a t  used by Kadin 

6 and Poet  was cons t ruc t ed  from a 30 nun s e c t i o n  o f  10 mm g l a s s  t u b i n g  f i t t e d  a t  

one e n d  w i t h  a rubber  septum cap  through which a plat inum wire s e r v i n g  a s  

ca thode  was i n s e r t e d .  Approximately 400 1.11 o f  mercury and a 1 x 3 mm magnetic 

s t i r r i n g  bar  were p laced  i n  t h e  t u b e  and 1 m l  o f  t h e  thiol-mBBr d e r i v a t i v e  i n  

100 mM aqueous acet ic  a c i d  added on top. A U-shaped 113 i n .  O.D. Tef lon  t u b e  

f i l l e d  w i t h  2% aga r  i n  s a t u r a t e d  sodium c h l o r i d e  served  a s  an agar  b r i d g e  t o  

connect  t h e  e l e c t r o l y s i s  c e l l  wi th  a 10 ml beaker c o n t a i n i n g  s a t u r a t e d  s o d i m  

c h l o r i d e  and t h e  plat inum wire anode. The e l e c t r o d e s  were connected t o  a 

Hewlett-Packard Model 6299A power supply and t h e  e l e c t r o l y s i s  performed a t  con- 

s t a n t  v o l t a g e .  Vol tages  g iven  below refer t o  app l i ed  v o l t a g e .  

The p r o g r e s s  o f  t h e  r e d u c t i o n  was monitored by HPLC a n a l y s i s  o f  t h e  
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remain ing  thiol-mBBr d e r i v a t i v e  and t h e  t h i o l  p roduc t ion  was de te rmined  from t h e  

i n c r e a s e  i n  t h e  d e r i v a t i v e  found upon a n a l y s i s  a f t e r  d e r i v a t i z a t i o n  of t h e  t h i o l  

formed wi th  mBBr. 

t h e  GSH-mBBr d e r i v a t i v e  was s low (tl,2 -25 min) and HPLC a n a l y s i s  showed t h a t  

fo rma t ion  of syn-(methy1,methyl)bimane occur red  i n  c o n s o r t  w i t h  d i sappea rance  of 

t h e  mBBr d e r i v a t i v e  and appearance  of t h e  free t h i o l .  The y i e l d  of t h i o l  was 

>95% y i e l d  when t e s t e d  wi th  t h e  d e r i v a t i v e  of g l u t a t h i o n e  (see ref. 7 f o r  a d i s -  

c u s s i o n  of t h e  e l e c t r o c h e m i s t r y  of bimanes).  

t h e  r e a c t i o n  was fas ter  b u t  t h e  syn-(methy1,methyl)bimane i t s e l f  was reduced t o  

n o n f l u o r e s c e n t  p roduc t s  (F ig .  21, t h i s  p r o c e s s  becoming so r a p i d  a t  10 v o l t s  

t h a t  no  - syn-(methy1,nethyl)bimane was d e t e c t e d  du r ing  moni tor ing  of t h e  r e a c t i o n  

p r o g r e s s  by  HPLC a n a l y s i s .  The y i e l d  a l s o  decreased  wi th  i n c r e a s i n g  v o l t a g e ,  

t h e  r e c o v e r y  of GSH from t h e  cor responding  d e r i v a t i v e  be ing  90% af te r  15 min a t  

3 v o l t s  and 75% a f t e r  10  min a t  10 v o l t s .  E l e c t r o l y t i c  r e d u c t i o n  of t h e  pu r i -  

f i e d  t h i o l  d e r i v a t i v e  from - H. halobium a t  10 v o l t s  for 10 min r e s u l t e d  i n  a 75% 

recove ry  of t h e  t h i o l .  After l y o p h i l i z a t i o n  t h e  p roduc t  was oxid ized  t o  t h e  

co r re spond ing  d i s u l f i d e  i n  1 m l  of 0.1 M ammonium hydroxide  under a s t ream of 

d r y  oxygen, t h e  p r o g r e s s  be ing  monitored by t i t r a t i o n  w i t h  DTNB and t h e  ammonium 

hydroxide  be ing  r e p l e n i s h e d  a s  needed. T h i s  m a t e r i a l  was used f o r  amino a c i d  

a n a l y s i s ,  N-terminal amino a c i d  de t e rmina t ion ,  and o t h e r  s t r u c t u r a l  s t u d i e s  

wi thou t  removal of bimane coproduc t s  and was shown t o  cor respond t o  Y- 

g l u t a m y l c y s t e i n e  . 
p o s s i b l e  by e x t r a c t i o n  wi th  e t h y l  a c e t a t e  b u t  i t s  e lec t ro ly t ic  r e d u c t i o n  pro- 

d u c t s  have not  been i d e n t i f i e d  and t h e i r  removal may r e q u i r e  an a d d i t i o n a l  

p r e p a r a t i v e  HPLC s t e p  or o t h e r  i s o l a t i o n  procedure.  

A t  low v o l t a g e  (-2 v o l t s )  reduct ion  of an 0.2 mM s o l u t i o n  o f  

A t  h ighe r  v o l t a g e s  (3-10 v o l t s )  

2 Removal of =-(methyl,methyl)bimane fo l lowing  r e d u c t i o n  i s  

Genera l  Comments 

The monobromobimane d e r i v a t i v e  of a t h i o l  h a s  unique  c h a r a c t e r i s t i c s  which 
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make it e s p e c i a l l y  a t t r a c t i v e  as t h e  form t o  b e  p u r i f i e d  i n  t h e  i s o l a t i o n  of an 

unknown t h i o l  compound. Blocking of t h e  t h i o l  w i th  t h e  bimane group s t a b i l i z e s  

it toward o x i d a t i o n  and p rov ides  a f l u o r e s c e n t  l a b e l  t h a t  can b e  e a s i l y  fol lowed 

and q u a n t i t a t e d .  The bimane l a b e l  a l s o  g r e a t l y  i n c r e a s e s  t h e  a f f i n i t y  o f  s imple  

i o n i c  t h i o l s  for r eve r sed  phase HPLC column pack ings  and enhances t h e  deg ree  of 

p u r i f i c a t i o n  t h a t  can be  ob ta ined  by p r e p a r a t i v e  HPLC procedures .  The f l u o r e s -  

c e n t  l a b e l  allows t h e  p u r i f i e d  d e r i v a t i v e  t o  be r e a d i l y  c h a r a c t e r i z e d  wi th  

r e s p e c t  t o  i t s  behav io r  on e l e c t r o p h o r e s i s  and t h i n  l a y e r  chromatography, and 

f a c i l i t a t e s  s t r u c t u r a l  s t u d i e s  o f  t h e  d e r i v a t i v e .  

t r o l y t i c a l l y  remove t h e  bimane l a b e l  t o  r e g e n e r a t e  t h e  t h i o l  p r o v i d e s  access t o  

t h e  unmodified form of t h e  unknown compound. 

F i n a l l y ,  t h e  a b i l i t y  t o  elec- 

Monobromobimane l a b e l i n g  h a s  proven u s e f u l  i n  t h e  l a b e l i n g  of p r o t e i n  t h i o l  

9 groups and i n  t h e  s t u d y  of  t h e  p e p t i d e s  d e r i v e d  from t h e  l a b e l e d  p r o t e i n  . The 

p r e s e n t  methods should extend t h i s  u t i l i t y  by p r o v i d i n g  a t echn ique  f o r  t h e  

p u r i f i c a t i o n  of cys t e ine -con ta in ing  p e p t i d e s  gene ra t ed  i n  p r o t e i n  s t r u c t u r a l  

s t u d i e s .  
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CAPTIONS TO FIGURES 

Fig. 1. 

( A )  crude acid-acetonitrile extract of H. halobium R-1 (B)  purified mBBr 

HPLC analysis (method 1, [XX] this volume) of mBBr labeled samples: 

- 
derivative from H. halobium R-1. - 

Fig. 2. 

derivative at 5 volts: (e) GSH-mBBr derivative assayed by HPLC; (m) GSH 
Progress curve for electrolytic reduction of 1 m l  0.2 mM GSH-mBBr 

assayed by dederivatization with mBBr and HPLC; (A ) syn-(methy1,methyl)bimane 

assayed by HPLC. 
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